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(54) METHOD FOR MEASURING VOLUME AND PROGRAM FOR MEASURING VOLUME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize an improvement 
in a working efficiency of an excavating work in a civil 
engineering work or the like by measuring a space 
volume and an acceleration and a low cost of a volume 
measuring process. 

SOLUTION: Since a stereo-vision, a laser range finder or 
the like radially measures a distance from an origin to an 
object in a three-dimensional space in an array based on 
a predetermined rule in response to a device, it is easy 
to define an spreading angle with respect to each 
measuring point. A method for easily calculating a 
volume up to the surface of an article by an integration 
by defining an area occupied by adjacent pints without 
gap without superposing in the space, and calculating as 
a part of a sphere based on a radius and spreading angle 
in response to the distance. 
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precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




CLAIMS 



[Claim(s)] 

[Claim 1]It is a volume instrumentation method which measures volume using a three- 
dimensional measuring sensor which measures three-dimensional data for [ said ] projection 
from a projection image produced from a sensor viewpoint by projecting radiately to a candidate 
for projection, A data derivation step which derives projector distance to a minute surface of 



projection on said projecting^Pbct which projected a noticed pictur^Pement in said projection 
image from said sensor viewpoint, and a minute project area of said minute surface of projection 
based on said three-dimensional data obtained from said three-dimensional measuring sensor, 
An element volume Measurement Division step which measures element volume of a minute 
cone which makes said sensor viewpoint the peak, makes said projector distance height, and 
uses said minute surface of projection as the bottom, A volume instrumentation method 
integrating with said element volume even to all the minute surfaces of projection, and providing 
a whole product Measurement Division step which measures the whole projected area product 
from said sensor viewpoint to said candidate for projection. 

[Claim 2]Said whole projected area product measured without providing a candidate for 
Measurement Division in said projected area, The volume instrumentation method according to 
claim 1 providing said candidate for Measurement Division in said projected area, measuring the 
whole projected area product which was projected on a uniform direction and measured from the 
same sensor viewpoint, and providing a comparison Measurement Division step which measures 
volume for [ said ] Measurement Division. 

[Claim 3]The volume instrumentation method comprising according to claim 1: 
Said whole projected area product measured in the past. 

The present projected area whole product which was projected on a uniform direction and 
measured from the same sensor viewpoint 

A comparison Measurement Division step which compares and measures the amount of volume 
changes. 

[Claim 4]Three-dimensional data for [ which is measured based on a projection image obtained 
from a three-dimensional measuring sensor radiately projected from a sensor viewpoint to a 
candidate for projection / said ] projection is used, To a computer, are volume a volume 
Measurement Division program made to measure, and said computer, A data deriving means 
which derives projector distance to a minute surface of projection on said projecting object 
which projected a noticed picture element in said projection image from said sensor viewpoint, 
and a minute project area of said minute surface of projection based on said three-dimensional 
data obtained from said three-dimensional measuring sensor, It integrates with an element 
volume measurement means which measures element volume of a minute cone which makes said 
sensor viewpoint the peak, makes said projector distance height, and uses said minute surface of 
projection as the bottom, and said element volume even to all the minute surfaces of projection, 
A volume Measurement Division program considering it as a whole product measurement means 
which measures the whole projected area product from said sensor viewpoint to said candidate 
for projection, and making it function. 

[Claim 5]Said whole projected area product which measured said computer further without 
providing a candidate for Measurement Division in said projected area, The volume Measurement 
Division program according to claim 4 providing said candidate for Measurement Division in said 
projected area, measuring the whole projected area product which was projected on a uniform 
direction and measured from the same sensor viewpoint, and making it function as a comparison 
measurement means which measures volume for [ said ] Measurement Division. 
[Claim 6]The volume Measurement Division program according to claim 4 measuring the present 
projected area whole product which projected said computer on a uniform direction from the 
same sensor viewpoint as said whole projected area product measured further in the past, and 
was measured, and making it function as a comparison measurement means which measures the 
amount of volume changes. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]A volume instrumentation method which measures volume using the 
three-dimensional measuring sensor which projects this invention radiately from a sensor 
viewpoint, and measures the distance to the candidate for projection, And it is related with the 
volume Measurement Division program which makes a computer measure volume using the 
three-dimensional data for [ which is measured based on the projection image obtained from the 
three-dimensional measuring sensor radiately projected from a sensor viewpoint to the candidate 
for projection / said ] projection. When there is an operating arm like construction machinery or 
an industrial robot especially, it is useful to derivation of the command value for carrying out 
autonomous NAV by measuring the volume of the space to an obstacle, and one's volume with 
Measurement Division of the planning of a work plan, the amount of work execution, etc. again, 
when carried in an uninhabited moving vehicle. In this Description, volume contains the volume 
(capacity) of space, such as a projected area, other than the volume of the objects for 
Measurement Division etc. 
[0002] 

[Description of the Prior Art]Conventionally, as shown in drawing 1 0 (a), divide a field between 
the coordinates which project the coordinates (x, y, z) acquired from the measurement value on 
a xy plane, and adjoin, and it is considered as the bottom, There are a technique of integrating 
volume about all the coordinates noting that this is a square pillar with height z, the technique of 
constituting a triangle so that the adjoining coordinates may be connected mutually and the 
surface of a subject may be covered, as shown in the figure (b), and making the square pillar 
which projected them, and integrating volume, etc. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in a method as shown in drawing 10 , volume 
of space cannot be measured, for example, capacity of the hole excavated and formed cannot be 
measured in the excavation work in an engineering-works enterprise etc. In this case, in the 
conventional instrumentation method shown in drawing 9 mentioned above, the volume of the 
excavated earth and sand had to be measured, and when thrown away into the place where 
excavated soil differs each time, two or more sets of the part of that place and measuring 
machine machines were needed, and it had become the cause of worsening the Measurement 
Division efficiency. 

[0004]In a method as shown in drawing 10 , there is a problem that the computational complexity 
for searching for an adjacent point from mutual physical relationship, and searching for a 
boundary line increases rapidly, so that the coordinates to measure increase. Therefore, the 
highly efficient measuring machine machine was needed, and it had become a cause by which 
cost increased. 

[0005]As shown in drawing 11 , if each coordinates a, b, and c and d are simply projected on the 
level surface, by the object W which made the truncated cone or the truncated pyramid reverse, 
the minute prisms A and B projected from the coordinates a and b can compute volume 
correctly, but. In the minute prisms C and D projected from the coordinates c and d, it will exist 
in which [ internal and external ] of the object W, or volume will be calculated fair. For this 
reason, in order to avoid the appearance of this estimation error, it is necessary to recognize 
which field is the surface of the object W, and there is a problem that complicated processing in 



which the direction of a field,^^. are distinguished is needed, about ^^measured point. 
[0006]An object of this invention in order to cancel the problem of the conventional technology 
mentioned above, while realizing Measurement Division of space volume is to aim at improvement 
in the working efficiency of the excavation work in an engineering-works enterprise etc. It is 
shown in aiming at realization of improvement in the speed of volume Measurement Division 
processing, and low-cost-izing. It is shown in attaining highly precise-ization of the volume 
Measurement Division for [ W ] Measurement Division. 
[0007] 

[Means for Solving the Problemjln order to attain the above-mentioned purpose, the volume 
instrumentation method according to claim 1, It is a volume instrumentation method which 
measures volume using the three-dimensional measuring sensor 10 which measures three- 
dimensional data for [ said / P ] projection from a projection image produced from the sensor 
viewpoint 0 by projecting radiately to the candidate P for projection, Based on said three- 
dimensional data obtained from said three-dimensional measuring sensor 10, A data derivation 
step which derives minute project area S jjt of projector djstance ^ to mjnute surface _ 0 ^ projection F „ on 

said projecting object P which projected a noticed picture element (i, j) in said projection image from said sensor 
viewpoint O. and said minute surface-objection Fjj ] • An element volume Measurement Division step 
which measures element volume of mjnute cone c __ which makes said sensor viewpoint 0 the peak makes 

said projector distance Ry height, and uses said minute surface-of-projection F» as the bottom ] ' ^ integrates 

with said element volume Vy even to all the minute surface-of-projection Fy, and a whole 

product Measurement Division step which measures the whole projected area PA product V from 
said sensor viewpoint O to said candidate P for projection is provided. 

[0008]In the volume instrumentation method according to claim 1 the volume instrumentation 
method according to claim 2, Said whole projected area PA product V measured without forming 
the candidate W for Measurement Division in said projected area PA. Said candidate W for 
Measurement Division is formed in said projected area PA, the whole projected area PA product 
V which was projected on a uniform direction and measured from the same sensor viewpoint O is 
measured, and a comparison Measurement Division step which measures volume for [ said / W ] 
Measurement Division is provided. 

[0009]In the volume instrumentation method according to claim 1 the volume instrumentation 
method according to claim 3, The present projected area PA whole product V which was 
projected on a uniform direction and measured from the same sensor viewpoint O as said whole 
projected area PA product V measured in the past is measured, and a comparison Measurement 
Division step which measures the amount of volume changes is provided. 
[0010]The volume Measurement Division program according to claim 4, Three-dimensional data 
for [ which is measured based on a projection image obtained from the three-dimensional 
measuring sensor 10 radiately projected from the sensor viewpoint O to the candidate P for 
projection / said / P ] projection is used, To a computer, are volume a volume Measurement 
Division program made to measure, and said computer, Based on said three-dimensional data 
obtained from said three-dimensional measuring sensor 10, A noticed picture element (i, j) in said 
projection image from said sensor viewpoint O. Make the data deriving means 3 which derives 
minute project area Sy^ Q ^ pro j ector distance Ry to minute surface-of-projection Fy on said projected 

projecting object P, and said minute surface-of-projection F y ] • and Said SenSOr viewpoint O into the peak, 
make said projector distance Ry into height, and said minute surface-of-projection Fy. It 
integrates with the element volume measurement means 4 which measures element volume Vy 

[ of minute cone C y used as the bottom ] ' and said element Volume V « even to 3,1 the minute surface_ 
of-projection Fy, It is considered as the whole product measurement means 5 which measures 
the whole projected area PA product V from said sensor viewpoint O to said candidate P for 



projection, and is made to fi^fcon. 

[0011]The volume Measurem^t Division program according to claim a; Said whole projected 
area PA product V which measured said computer further in the volume Measurement Division 
program according to claim 4 without forming the candidate W for Measurement Division in said 
projected area PA. Said candidate W for Measurement Division is formed in said projected area 
PA, the whole projected area PA product V which was projected on a uniform direction and 
measured from the same sensor viewpoint 0 is measured, and it is made to function as the 
comparison measurement means 7 which measures volume for [ said / W ] Measurement 
Division. 

[0012]The volume Measurement Division program according to claim 6, Said whole projected 
area PA product V which measured said computer in the past further in the volume 
Measurement Division program according to claim 4. The present projected area PA whole 
product V which was projected on a uniform direction and measured from the same sensor 
viewpoint 0 is measured, and it is made to function as the comparison measurement means 7 
which measures the amount of volume changes. 

[0013]According to the above-mentioned invention, Measurement Division of space volume of 
projected area PA is realizable. Since the amount of volume changes in projected area PA 
becomes measurable, it is possible to apply to excavation work using an operation arm, a carry 
process, etc. Since it becomes measurable [ volume for / which exists in projected area PA / 
W / Measurement Division ], it is applicable to an independence run in an uninhabited moving 
vehicle. 

[0014]In volume Measurement Division for [ W ] Measurement Division, set a virtual plane set up 
beforehand as each projection target P of two or more sets of the three-dimensional measuring 
sensors 10, and let the projected area PA be arbitrary closed space. And two or more sets of 
the three-dimensional measuring sensors 10 are arranged to the circumference for [ W ] 
Measurement Division so that each closed space may not overlap and it may join continuously. 
And volume for [ W ] Measurement Division is measurable in totaling each volume measured 
based on each sensor. It is not necessary to recognize complicated shape for [ W ] Measurement 
Division by this, and exact volume can be measured. The number of these three-dimensional 
measuring sensors 10 becomes possible [ arranging at equal intervals to that circumference 
focusing on for / W / Measurement Division, respectively ] by making the same a flat-surface 
equation with which it is three or more sets preferably, and a virtual plane for every sensor is 
expressed. 
[0015] 

[Embodiment of the Invention] First, the embodiment of the volume Measurement Division 
program of this invention is described using drawing 1 - drawing 4 . The volume Measurement 
Division program is stored in recording media, such as ROM, HDD, and CD-ROM, and it is 
connected to an unillustrated computer and it is a program which makes a computer measure 
volume using the three-dimensional data measured from the three-dimensional measuring sensor 
10. This volume Measurement Division program is a program as which a computer is operated as 
each means 3, 4, 5, and 7 to mention later. 

[0016]The three-dimensional measuring sensor 10 is a sensor which measures the three- 
dimensional data for [ P ] projection from the projection image produced by stereovision, a laser 
coupled range finder camera, etc. projecting from the sensor viewpoint O radiately to the 
candidate P for projection, for example. This three-dimensional measuring sensor 10 is 
connected to the computer, and as shown in drawing 2 , the three-dimensional coordinate data of 
each Measurement Division point for [ which was measured / P ] projection is stored in the 
three-dimensional data memory 2 shown in drawing 1 . 

[0017]Based on the three-dimensional data obtained from the three-dimensional measuring 
sensor 10, as shown in drawing 2 , the data deriving means 3, Minute project area of pro j ector 

distance Ry to minute surface-of-projection Fy on the projecting object P which projected the noticed picture 

element (i, j) in a projection image from the sensor viewpoint O, and minute surface-of-projection Fy ] ' S derived. 



[0018]Volume (it is hereafter^^ed element volume Vy) of minute c^^Cy which the element 

volume measurement means 4 makes the sensor viewpoint 0 the peak, makes projector distance 
Ry height based on the data drawn as shown in drawing 2 , and uses minute surface-of-projection 

Fy as the bottom It measures. 

[0019]The whole product measurement means 5 will integrate with element volume Vy even to all 
the minute surface-of^projection Fy, namely, will integrate element volume Vyj- of each mjnute cone 
c ^ j , and will measure the whole product V in projected area PA from the sensor viewpoint 0 to 

the candidate P for projection. Since it defines without a crevice, without the fields which 
adjoining minute cone Cy occupy by this overlapping in space, Based on the radius and spreading 

angle according to distance, it can measure as a part of [ spherical ] volume, and it becomes 
possible to measure the volume to the projection object face P easily by those addition. 
[0020]The comparison measurement means 7 forms the candidate W for Measurement Division 
in the whole projected area PA product V measured without forming the candidate W for 
Measurement Division in projected area PA, and said projected area PA, measures the whole 
projected area PA product V which was projected on the uniform direction and measured from 
the same sensor viewpoint 0, and measures the volume for [ W ] Measurement Division. The 
present projected area PA whole product V which was projected on the uniform direction and 
measured from the same sensor viewpoint O as the whole projected area PA product V 
measured in the past is measured, and the amount of volume changes is measured. 
[0021] Drawing 2 (a) when - (c) is a principle figure at the time of applying stereovision as the 
three-dimensional measuring sensor 10 and the same photographic subject (the candidate W for 
Measurement Division) is copied by two or more sets of the sensors 10, The example at the time 
of applying to the stereovision which computes three-dimensional data from a gap of the image 
produced according to the physical relationship is shown. Drawing 3 is the flow chart. 
[0022]By the stereovision 10, it is thought that the obtained depth map is calculated based on 
the pixel arrangement of CCD of a reference camera since the depth map is displayed with the 
luminance value for every pixel of CCD. First, the three-dimensional coordinates measurement 
data (Xy, Yy, Zy) obtained from the obtained depth map is read (SP1). 

[0023]Next, the read three dimensional-coordinates each measurement data (Xy, Yy, Zy) is 

extracted from the three-dimensional data memory 2 for every pixel (SP2-SP8). 
[0024]Next, in the stereovision 10, since the three-dimensional coordinates measurement data 
of the extracted pixel (i, j) is not polar coordinates (SP8-NO), it changes into polar coordinates 
(SP9). That is, as shown in drawing 2 , let the reference camera position O be the sensor 
viewpoint O. And as shown in drawing 2 (b), in XZ flat surface, the Z-axis, the line segment which 
connects a noticed picture element (i, j) center to the sensor viewpoint O, and ******** are set 
to theta. As shown in drawing 2 (c), in a YZ plane, the Z-axis, the line segment which connects a 
noticed picture element (i, j) center to the sensor viewpoint O, and ******** are set to phi. It 
can ask for theta and phi with a following formula (1). here, since [ i G) ] theta (phi) is an angle to 
the center of a noticed picture element (i, j), it subtracts 1/2 pixel and is (or — adding), p is the 
pixel width or the pixel height of a noticed picture element (i, j), and f is a focal distance. 
[0025] 
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[0026]Projector distance Ry i^ne distance from the sensor viewpoinTO to minute surface-of- 
projection Fy projected from the noticed picture element (i, j), and the parallax value of the same 
noticed picture element (i, j) in two or more cameras is measured as distance Ry. Thereby, the 
coordinates (Xy, Yy, Zy) of minute surface-of-projection Fy projected from the noticed picture 
element (i t j) are changed into polar coordinates (Ry, thetay, phiy). 



-<2) 



[0027]Next, minute project area of mjnute S urface-of-projection F y from each noticed picture element (i, 

.x . Al . . . . D 1 is measured (SP10). Here, the angle which is equivalent to deltatheta 
j) in the projecting object P J ° 

and height p (the direction of Y) of a noticed picture element (i, j) in the angle which sees from 
the sensor viewpoint 0 and is equivalent to the width p (the direction of X) of a noticed picture 
element (i, j) is set to deltaphi. It can ask for the angle equivalent to the width (height) of a 
noticed picture element (i, j) with a following formula (2). 
[0028] 
[Equation 2] 

r Afl,= tan-i (ft) - tan-i (y (i - 1)) ( i >0 ) 
h Afli ■ tan-i + ,)) - tarri(j i] ( i < 0 ) 

A4j ■ tan'i j) " tan-i ^(j - ))j ( j > 0 ) 
h A^j ■ tan-i [± (j + } )j - tan-i {± j) ( j < 0 ) 

[0029]If the range reflected in this noticed picture element (i, j) shall have projector distance Ry, 

it is possible that the volume of this portion is the portion divided by the extension wire which 
forms the connection of a noticed picture element (i, j) at the sensor viewpoint O among the 
balls of radius R y . Therefore, minute project area S y[ of minute Surface - O f- P rojection F y from each 

, 4 , w \ ■ *u • w x D i becomes surface area 

noticed picture element 0, j) in the projecting object P J 

(RydeltathetaandRydeltaphL) to the surface area (4piRy 2 ) of the ball of radius Ry. 
[0030]Next, the sensor viewpoint O is made into the peak, projector distance Ry which passes a 
noticed picture element (i, j) is made into height, and minute cone Cy which uses a noticed 
picture element (i, j) or projected minute surface-of-projection Fy as the bottom is created. 
Volume (element volume) V y |- of thjs mjnute cone c -j is called for by a following formula (3) (SP1 1). 

[0031] 
[Equation 3] 



V " U* R "A 4«R U " / 



(3) 



[0032]By accumulating this about all the pixels (4), i.e., a following formula, the volume V is 
measured about the space (projected area PA) from the sensor viewpoint O to the candidate P 
for projection (SP12). 
[0033] 
[Equation 4] 

V ■ Z Vjj (4) 



U 



[0034]The measured whole product V is stored in the whole product data memory 6 (SP13). 



Although an above~mentiond||^:ample is an example which applied ^peovision as the three- 
dimensional measuring sensoMO, when a laser range finder is applied, since the three- 
dimensional coordinates measurement data obtained from a laser range finder is polar 
coordinates (SP8-YES), it does not have to carry out polar coordinate conversion. 
[0035]This technique cannot ask for the space volume (projected area PA) to the object for 
[ P ] projection (the candidate W for Measurement Division) seen from the camera, and can ask 
for neither the volume for [ P ] projection, nor the volume for [ which exists in projected area PA 
from the sensor viewpoint 0 to the candidate P for projection / W ] Measurement Division 
directly. However, when the camera position is being fixed, change of the measured space 
volume becomes equal to the volume change for [ W ] Measurement Division. 
[0036]Then, the example which measures the volume for [ W ] Measurement Division is explained 
using drawing 4 and drawing 5 . First, as shown in drawing 4 (a), the three-dimensional measuring 
sensor 10 is fixed and it projects towards the floor line as the candidate P for projection. 
Thereby, the space volume V of projected area PA shown by the dotted line is measured among 
thefigure(a)(SP1-SP15). 

[0037]Next, as shown in the figure (b), the candidate W for Measurement Division is laid in the 
floor line in same projected area PA. and — a floor line — and — Measurement Division — an 
object — W — the surface — projection — an object — P — ' — carrying out — things — SP 

— one - SP — 13 — processing — said — a figure — ( — b — ) — inside — a dotted line — 
being shown — having — **** — a projected area — PA — 1 — space volume — V — ' — 
measuring (SP20). said — a figure — ( — a — ) — and — said — a figure — ( — b — ) — it can 
set — a projected area — PA — PA — ' — the whole — a product — V — V — ' — the whole 

— a product — data memory — six — from — reading (SP21). And the volume for [ W ] 
Measurement Division (V-V) is measured by taking whole both the products V and the 
difference of V (SP22). 

[0038]The case where it applies to Measurement Division of the rating in digging or banking work 
is explained using drawing 5 - drawing 7 . As shown in drawing 6 , the three-dimensional measuring 
sensor 10 and the volume Measurement Division program are carried in the power-shovel 
machine 11. 

[0039]First, as shown in drawing ? (a), in even geographical feature, the space volume V of 
projected area PA (the range of a figure middle point line) which is the three-dimensional space 
from the sensor viewpoint 0 to a ground surface is measured by making the ground surface 
applicable [ P ] to projection. 

[0040]Next, as shown in the figure (b), when the ground of the specified quantity is excavated 
and the hole 12 (12a) is formed, Pa for projection, It becomes the bottom of the hole 12a, an 
inner circle wall, and a ground surface, in the projected area PAa of the figure (b), the excavated 
quantity part volume of excavated soil increases compared with projected area PA of the figure 
(a) (the range of a figure middle point line), and the space volume Va is measured. 
[0041]When it excavates further from this state and the hole 12b is formed, as shown in the 
figure (c), for [ Pb ] projection, It becomes the bottom of the hole 12a, the bottom of an inner 
circle wall and the hole 12b, an inner circle wall, and a ground surface, in the projected area PAb 
of the figure (c), the excavated quantity part volume of excavated soil increases compared with 
the projected area PAa of the figure (b) (the range of a figure middle point line), and the space 
volume Vb is measured. 

[0042]Therefore, when measuring the drilling body product in the figure (b), it is measured by 
measuring the space volume V and Va of the figure (a) and the figure (b), and taking the 
difference (V-Va). When measuring the drilling body product in the figure (c), it is measured by 
measuring the space volume V and Vb of the figure (a) and the figure (c), and taking the 
difference (V-Vb). When measuring the drilling body product from the figure (b) to the figure (c), 
it is measured by comparing the space volume Va of the figure (b) and the figure (c), and Vb, and 
taking the difference (Va-Vb). 

[0043]Thereby, the volume of excavated soil can be grasped during excavation work, and it 

becomes possible to excavate correctly to a target drilling body product. 

[0044]Next, other examples are explained. This example is an example which places in a fixed 



position radiately the three-^^nsional measuring sensor 10 (10a, l^fcof plurality (a figure two 
sets) from the candidate W f^^leasurement Division with equiangulamy to the circumference 
for [ W ] Measurement Division, and measures the volume for [ W ] Measurement Division, as 
shown in drawing 8 . 

[0045]The three-dimensional measuring sensor 10 of this example defines projecting object side 
PI virtually using a flat-surface equation. That is, from the sensor viewpoint 0 to virtual 
projecting object side PI is beforehand set up as the maximal projection distance Rmax of the 
sensor 10, and if actually measured projector distance Ry exceeds the maximal projection 

distance Rmax, it will carry out a conversion process to the maximal projection distance Rmax. 
He sets up the maximum measuring space volume of the 3-dimensional each measuring sensors 
10a and 10b, and is trying to divide projection area PA into PA1 and PA2 by this. 
[0046]Therefore, as shown in drawing 8 (a), when the candidate W for Measurement Division is 
not laid in the floor line, the candidate P1 for projection of one three-dimensional measuring 
sensor 10a serves as virtual projecting object side PI virtually installed from the floor line and 
floor line on which it was projected, and the space volume V1 is measured. Similarly, the 
candidate P2 for projection of the three-dimensional measuring sensor 10b of another side 
serves as virtual projecting object side PI virtually installed from the floor line and floor line on 
which it was projected, and the space volume V2 is measured. 

[0047]And it lays in a floor line so that the candidate W for Measurement Division which made 
reverse a truncated cone or a truncated pyramid as shown in drawing 8 (b) may be crossed to 
both projected area PA1 and PA2. And if it projects from both the sensors 10a and 10b towards 
this candidate W for Measurement Division, space volume VI' and V2' will be measured. And in 
one sensor 10a side, the volume (V1-VV) of the abbreviated right half part Wa for [ W ] 
Measurement Division is measured by the difference of the space volume V1 and space volume 
V1 f bordering on the virtual projection object face pi. Half an approximately left copy Wb of the 
volume for [ W ] Measurement Division (V2-V2') is similarly measured bordering on virtual 
projection object face PI by the sensor 10b side of another side by the difference of the space 
volume V2 and space volume V2'. In totaling the volume of this abbreviated right half part, and 
the volume of an abbreviated left half part, it becomes possible to measure the volume V for 
[ W ] Measurement Division. 

[0048]Since it will constitute and each view will be compounded in a closed space so that it may 
not overlap from the physical relationship of a reference point when this performs two or more 
Measurement Division in the state where there is no dead angle, from the circumference for 
[ W ] Measurement Division, it becomes possible not to need complicated object recognition but 
to calculate the volume for [ W ] Measurement Division. 

[0049]Although drawing 8 explained the case where the two three-dimensional measuring 
sensors 10 were used, three sets may be used as shown in drawing 9 . In this case, virtual 
projection object face PI, i.e., the flat-surface equation, of each sensor, by each sensors 10A and 
10B and defining 10C per the 2nd page. It becomes possible to be able to trichotomize the 
projected area PAa, PAb, PAc, and its space volume, to project on the candidate W for 
Measurement Division from a three way type, to measure volume by laying the candidate W for 
Measurement Division, so that it may cross to each projected area PA, and to measure the 
volume for [ W ] Measurement Division like the above in totaling these. 
[0050] 

[Effect of the InventionjEven if the coordinates which are measured according to this invention 
increase so that clearly from the above explanation, it is not necessary to search for an adjacent 
point from mutual physical relationship, and to search for a boundary line. Since required volume 
is calculable one by one based on arrangement information with the regularity according to a 
sensor, distance can also simplify an algorithm few. The fall of the processing speed by the 
increase in the Measurement Division point can be avoided, it becomes possible to increase the 
number of Measurement Division points conversely, and improvement in calculation precision and 
real time nature improvement can also be aimed at. 

[0051]Also about the object which carried out complicated shape, distinction of distinction of the 
point which exists in which [ for Measurement Division / internal and external ], recognition of 



which field is the surface for^P^surement Division, the direction of^P^ld, etc. is unnecessary 
about each Measurement Division point, and simplification of an algorithm and improvement in 
processing speed can be aimed at. 

[0052]The application to navigation, such as an unmanned vehicle which makes possible the work 
planning and high speed movement about the work machine which must be judged in real time in 
the environment where it changes every moment, and which attained remote control and 
automation from the possibility of real time processing, etc. is also attained. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is an outline block lineblock diagram showing the volume Measurement Division 
program of this invention. 

[Drawing 2] It is a figure showing the volume measuring principle in the volume Measurement 
Division program of this invention. 

[Drawing 3] It is a flow chart which shows the volume Measurement Division program of this 
invention. 

[Drawing 4] It is a figure showing an example of the volume calculating method for [ on a flat 
surface ] Measurement Division. 

[Drawing 5] It is a flow chart which shows the volume Measurement Division for Measurement 
Division. 

[Drawing 6] It is a figure showing the example which carries the volume Measurement Division 
program of this invention in a power-shovel machine. 

[Drawing 7] It is a schematic diagram which measures a drilling body product when the volume 
Measurement Division program of this invention is carried in a power-shovel machine. 
[Drawing 8] It is a figure showing other examples of the volume calculating method for [ on a flat 
surface ] Measurement Division. 

[Drawing 9] It is a figure showing the application of the volume calculating method for [ on a flat 
surface ] Measurement Division. 

[Drawing 1 0] It is a figure showing how to treat the measure point in the conventional calculation 
technique. 

[Drawing 1 1] It is a figure showing the problem produced when a subject is complicated shape. 
1 — Volume Measurement Division program 

3 — Data deriving means 

4 — Element volume measurement means 

5 — Whole product measurement means 
7 — Comparison measurement means 

10 — Three-dimensional measuring sensor 
(i, j) — Noticed picture element 
C ;: — Minute cone 



Fy — Minute surface of projj 

0 — Sensor viewpoint 
P — Candidate for projection 
PA — Projected area 
Ry — Projector distance 

Sy — Minute project area 

V — Whole product 
Vy — Element volume 
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